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BACK LIGHT DEVICE AND LIQUID CRYSTAL DISPLAY APPARATUS 

ft"? 

BACKGROUND OF THE INVENTION 
Field of the Invention: 
5 The present invention relates to a back light device 

used for a liquid crystal display apparatus and the 
like, and a liquid crystal display apparatus using the 
same . 

s= _ Related Arts: 

10 Recently, there has been widely used a liquid 

\Z crystal display apparatus wherein a liquid crystal panel 

Q is illuminated from its back with a back light device, 

in 

as various display apparatuses such as a display for a 
j=jl computer, or a television. 

t ^ 15 In such a liquid crystal display apparatus, 

polarized light obtained by causing light to transmit a 
polarizing plate is modulated in its liquid crystal 
layer. 

For example, Fig. 18 illustrates a representative 
20 structure of a liquid crystal display apparatus 
comprising a conventional back light device. 

In this liquid crystal display apparatus 1, the back 
light device 2 causes light outputted from a light 
; source 3 to be incident onto one side end face 4A of a 
25 lightconductor 4 in a substantially plate form, and to 
be outputted from a light outputting surface 4B (the 
upper surface in Fig. 18), and then the outputted light 
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for the light outputting surface 4B is diffused with a 
diffusing sheet 5 and converged in a prism sheet 6 to 
illuminate a liquid crystal cell 7 from its back. 

The light made incident onto the side end face 4A, 
from the light source, goes forwards inside the 
lightconductor 4 with being totally reflected therein, 
and the advancing direction of a part of the light is 
changed by means of light diffusing spots 4D arranged on 
a back face 4C to be outputted from the light outputting 
surface 4B to the outside the lightconductor 4. The 
light outputted downward from the back surface 4C (the 
lower surface in Fig. 18) opposite to the light 
outputting surface 4B of the lightconductor 4 is 
reflected on a reflecting sheet 8 , to be again returned 
into the lightconductor 4. 

The prism sheet 6 is a sheet on which triangle pole 
prisms are arranged in such a form that their ridge 
lines are in parallel, and the liquid crystal cell 7 has 
s structure wherein its front and back faces are 
sandwiched by polarizing plates 9A and 9B. 

Figures 19 and 20 illustrate other conventional 
liquid crystal display apparatuses, respectively. The 
liquid crystal display apparatus 1A shown in Fig. 19 is 
different from the apparatus shown in Fig. 18 in that a 
diffusing sheet 5 and a prism sheet 6A in a back light 
device 2A are arranged oppositely to those in the back 
light device 2 shown in Fig. 18, and that the triangle 



pole prisms on the prism sheet 6A are arranged to be 
directed downward, that is, oppositely to the prisms 
shown in Fig. 18. Other structure is the same as in the 
apparatus shown in Fig. 18. Thus, the same reference 
5 numbers are attached to the same elements , and 
explanation thereof is omitted. 

In a back light device 2B in the liquid crystal 
display apparatus IB shown in Fig. 20, between the 
diffusing sheet 5 and the prism sheet 6A in the back 

10 light device 2A shown in Fig. 19, arranged is the third 
prism sheet 6B wherein the direction of its triangle 
pole prisms is perpendicular to the prism sheet 6A. 
Other structure is the same as in the liquid crystal 
display apparatus 1A shown in Fig, 19. 

15 In all of the display apparatuses 1, 1A and IB, the 

liquid crystal cell 7 is sandwiched by the polarizing 
plates 9A and 9B, and the polarizing plates 9A and 9B 
absorb about 50 % of the incident light beam so that the 
efficiency for using the light is low. Thus, in order 

20 to obtain sufficient brightness, it is necessary that a 
greater deal of light is made incident onto the 
polarizing plate. In this case, however, various 
problems are caused. For example, power consumption for 
. the light source increases, and heat from the light 

25 source has a bad influence on the liquid crystal in the 
liquid crystal cell 7 so that it is difficult to watch 
the display. 
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In order to overcome the above-mentioned problems, 
the following prior art inventions for improving the 
efficiency for using light are proposed in , for example, 
Japanese Patent Application Laid-Open (JP-A-) No. 4- 
5 184429, 6-265892, and 7-261122: A polarized beam 

splitting sheet is used to separate non-polarized light 
from a light source into two linearly polarized light 
beams which are perpendicular to each other, and then 
the one of the polarized light beams obtained from the 

10 separation is made incident onto a liquid crystal cell, 
and the other, which is a parallel component, is 
returned to the light source side so as to be again 
introduced into the polarized beam splitting sheet, for 
use, by reflection and the like. , 

15 In the invention disclosed in JP-A-No. 4-184429, 

non-polarized light from a light source is divided into 
two polarized beams which are perpendicular to each 
other with a polarized beam splitter, and then the one 
polarized light is outputted directly toward a liquid 

20 crystal, and the other polarized light is returned to 

the light source side to be converged, followed by being 
reflected to be again made incident onto the polarized 
beam splitter. 

! In the invention disclosed in JP-A-No. 6-265892, a 

25 light deflector comprising a prism array is disposed at 
the light outputting surface of a planar lightconductor 
so that the outputted light will be substantially 
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perpendicular to the surface of this planer 
lightconductor , and further at the light outputting 
surface side, a polarized beam splitting means is 
disposed which comprises a polarized beam splitting 
layer deposited on the inclined plane of the prism 
array, for example in a triangle pole form. 

In the invention disclosed in JP-A-No. 7-261122, a 
polarized beam splitting sheet is disposed at the light 
outputting surface side of an element for producing 
parallel luminous flux, comprising a light scattering 
lightconductor including a portion having a cross 
sectional shape of a wedge. 

The invention disclosed in JP-A-No. 4-184429 is 
applied to a projection type liquid crystal display 
apparatus, and an illuminating device therein requires a 
large space. This cannot be applied to a plane type 
liquid crystal display apparatus, wherein a back light 
device is located adjacently to the back face of a 
liquid crystal panel. 

The invention disclosed in JP-A-No. 6-265892 is 
applied to a thin liquid crystal display apparatus. 
However, the structure of the polarized beam splitting 
means comprising a triangle pole prism array is 
complicated. It is especially difficult to form the 
polarized beam splitting layer on the inclined plane of 
the triangle pole prism array. Thus, there remains a 
problem that mass production thereof is difficult. 



In the invention disclosed in JP-A-No. 7-261122, the 
element for producing parallel luminous flux, 
comprising, as a lightconductor , a specific light 
scattering lightconductor having a cross sectional shape 
of a wedge is used and consequently there remains a 
problem that it is difficult to control the light 
scattering lightconductor so as to have a specific light 
scattering ability. 

In the light of the aforementioned problems, an 
object of the present invention is to provide a back 
light device which can be made thin by using a 
relatively simple structure and which has excellent mass 
producibility and improved efficiency for using light; 
and a liquid crystal display apparatus using the back 
light device . 

SUMMARY OF THE INVENTION 

This object is accomplished by means of a back light 
device according to the present invention comprising: 

a light source; 

a lightconductor in a substantial plate form 
comprising a front face, a back face and side end faces, 

light radiated from the light source and made 
incident on the one of the side end faces being 
outputted as diffused light from the front face as a 
light outputting surface; 



at least one light diffusing sheet for receiving, on 
its face, the diffused light outputted from the light 
outputting surface of the lightconductor , and 
outputting, from the light outputting surface opposite 
to the surface, shifting the maximum intensity direction 
of the diffused light toward the direction of the normal 
standing on the light outputting surface, and outputting 
the diffused light; 

a polarized beam splitter sheet which can receive 
the light from the light outputting surface of the light 
diffusing sheet, through which one polarized light 
component of the light is transmitted, and on which the 
other polarized light component is reflected; and 

a light reflecting sheet which is arranged on the 
back face of the lightconductor and is for reflecting 
the light into the lightconductor. 

The polarized beam splitting sheet may be a 
laminated body having 3 or more layers wherein the 
layers adjacent to each other in its thickness direction 
have different refractive indexes; and one of incident P 
and S polarized light beams are transmitted through the 
sheet and the other is reflected on the sheet, thereby 
splitting both of the polarized light beams. 

The polarized beam splitting sheet may include a 
circularly polarized light selecting layer comprising a 
cholesteric liquid crystal layer, and a 1/4 phase 
differentiation layer; and by means of the cholesteric 



liquid crystal layer incident light is splitted into one 
circularly polarized light component along one rotation 
direction and the other circularly polarized light 
component along the reverse rotation direction. 

The polarized beam splitting sheet may have a planar 
laminated structure having three or more layers each of 
which has double refraction; and the difference in the 
refractive index between the layers adjacent to each 
other along its thickness direction for one of two light 
beams having vibration directions perpendicular to each 
other in a plane is different from the difference in the 
refractive index between the layers adjacent to each 
other along its thickness direction for the other of the 
two light beams. 

The light diffusing sheet may be composed of a 
light-transmissive material wherein its light outputting 
surface is rougher than its light receiving surface. 

Furthermore , the above-mentioned object is 
accomplished by means of a liquid crystal display 
apparatus comprising the above-mentioned back light 
device f and a liquid crystal panel arranged at the light 
outputting surface side of the polarized beam splitting 
sheet of the back light device. 

In the present invention, by means of the light 
diffusing sheet the maximum intensity direction of the 
diffused light can be shifted nearer to the direction of 
the normal standing on the light outputting surface. 



Thus, the diffused light can be shifted near to the 
angle of incident light which makes the polarized beam 
splitting effect maximum. Synergistic effect of this 
action and the function of the light diffusing sheet 
itself that polarized light is converted into non- 
polarized light makes it possible to obtain a back light 
device which is thin, low-priced, highly efficient and 
suitable for mass production. 

BRIEF EXPLANATION OF THE DRAWINGS 

Figure 1 is a schematic cross section of a back 
light device according to an embodiment of the present 
invention . 

Figure 2 is a schematic, enlarged cross section of a 
light diffusing sheet in the back light device. 

Figure 3 is a schematic, enlarged cross section of a 
polarized beam splitting sheet in the back light device. 

Figures 4(A) to 4(D) are individually a schematic 
cross section of another lightconductor in the back 
light device. 

Figure 5 is a schematic cross section of another 
light diffusing sheet in the back light device. 

Figure 6 is a schematic cross section of a back 
light device using a light diffusing sheet of another 
embodiment . 



Figure 7 is a schematic cross section of a back 
light device according to still another embodiment of 
the invention. 

Figure 8 is a schematic cross section of a back 
light device according to other embodiment of the 
invention . 

Figure 9 is a enlarged perspective view of a 
polarized beam splitting sheet in the back light device 
shown in Fig. 8. 

Figure 10 is a schematic cross section of a liquid 
crystal display apparatus according to an embodiment of 
the invention. 

Figure 11 is a view showing an orientation 
characteristic about the light outputting surface of a 
light diffusing sheet used in the first example of the 
invention . 

Figure 12 is a view showing an orientation 
characteristic about the light outputting surface of 
only a lightconductor , wherein any light diffusing sheet 
is not used. 

Figure 13 is a view showing an orientation 
characteristic about the light outputting surface of a 
case wherein the front and back faces of the light 
diffusing sheet shown in Fig. 11 are reversed. 

Figure 14 is a view showing an orientation 
characteristic about the light outputting surface of a 
light diffusing sheet wherein its front and back faces 
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have the same shape for comparison with the present 
invention. 

Figure 15 is a view showing an orientation 
characteristic of a case wherein the front and back 
5 faces of the light diffusing sheet shown in Fig. 14 are 
reversed. 

Figure 16 is a view showing an orientation 
characteristic of a case of a light diffusing sheet in 
which a face thereof is made rough and the other face is 
10 made smooth , the haze values on both the faces are same, 
and the rough face is set to function as a light 
outputting surface . 

Figure 17 is a view showing an orientation 
characteristic of an example using a light diffusing 
15 sheet wherein the front and back faces of the light 
diffusing sheet shown in Fig. 16 are reversed. 

Figure 18 is a schematic sectional view of a liquid 
crystal display apparatus including a back light device 
in the prior art. 
20 Figure 19 is a schematic sectional view of a liquid 

crystal display apparatus including another back light 
device in the prior art. 

Figure 20 is a schematic sectional view of a liquid 
! crystal display apparatus including still another back 
25 light device in the prior art. 

DESCRIPTION OF PREFERRED EMBOD IMENTS OF THE INVENTION 
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Preferred embodiments of the present invention will 
be described below, referring to the attached drawings. 

A back light device 10 shown in Fig. 1 has a light 
source 12; a lightconductor 14 in a substantial plate 
5 form having front , back and side end faces for 

outputting the light emitted from the light source 12 
and made incident onto one of the side end faces 14A, 
from a light outputting surface 14B which is the front 
n face, as diffused light; a light diffusing sheet 16 

J"p 10 wherein its light receiving surface 16B (shown in Fig* 
jn 2 ) can receive the diffused light outputted from the 

!j light outputting surface 14B of the lightconductor 14, 

and the scattered light can be outputted from a light 
|-y outputting surface 16 A (shown in ?ig. 2) opposite to the 

[q 15 aforementioned light receiving surface 16B f with the 

; 3 

S maximum intensity direction of the scattered light being 

shifted to the direction of the normal standing on the 
light outputting surface 16A; a polarized beam splitting 
sheet 18 for receiving the light from the light 
20 outputting surface 16A of the light diffusing sheet 16 
so that one polarized light component among the light 
can transmit this sheet 18 and the other polarized light 
component can be reflected on this sheet 18; and a light 
reflecting sheet 20 which is arranged at the back face 
25 14C side of the lightconductor 14 and is for reflecting 
light into the lightconductor 14. 
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The light source 12 may be a linear light source 
such as a cool cathode-ray tube, or may be a light 
source wherein plural spot light sources are arranged in 
a line along the side end face 14A of the lightconductor 
5 14. 

The lightconductor 14 is a member for making the 
peak of the diffused light outputted from the light 
outputting surface 14B oblique to the normal standing on 
the light outputting surface 14B as shown by reference 

10 number 15 in Fig. 1. 

The lightconductor 14 is composed of a material 
through which light can penetrate effectively. The 
material include , for example , acrylic resins such as 
PMMA (polymethylmethacrylate) , polycarbonate resin and 

15 glass. ' 

The shape of the lightconductor 14 is in a 
substantially flat plate form (which includes a wedge 
form wherein its thickness becomes smaller as its 
distance from the end surface 14A becomes larger, and 

20 the like form). On the back face 14C thereof, disposed 
is a light diffusing layer 14D wherein the surface of a 
light-transmissive resin itself is made rough. The 
light diffusing layer 14D is made into dot or stripe 
forms by printing or the like. 

25 Light diffusing ability may be generated by 

incorporating an element such as Si, Ba or Ti into the 
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light-transmissive resin constituting the lightconductor 
14 . 

The light diffusing sheet 16 is , for example, a 
sheet wherein a light diffusing means is applied to a 
light-transmissive material such as PC (polycarbonate ) or 
PET(polyethyleneterephthalate) , and may be any one 
having capability of diffusion and transmission of 
light. 

£ As shown in Fig. 2, in the light diffusing sheet 16 
its light outputting surface 16A is subjected to ' 
embossment treatment so that the surface 16A is made 
rougher than the light receiving surface 16B. In this 
case, the light diffusing sheet 16 may be a sheet made 
of PC having a thickness from 0.1, to 2 mm. 

The light diffusing sheet 16 has, as a criterion of 
light diffusion effect, preferably a haze value of 10 % 
or more, and more preferably 30 % or more. If the haze 
value is within this range, the action that the maximum 
intensity direction of the diffused light from the 
lightconductor 14 is shifted nearer to the normal 
standing on the light outputting surface 16A becomes 
great. 

As shown in Fig. 3, the polarized beam splitting 
sheet 18 has a structure wherein 3 light-transmissive 
sheets 18A - 18C having refractive indexes which are 
different from each other are laminated. 
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The material of the light-transmissive sheets 18A - 
18C may be any one having light-transmissive ability, 
and is not limited to a specific material- The material 
may be, for example, polyester such as PET, PC, acrylic 
resins such as PMMA, TAC (triacetate cellulose), glass, 
silica or ITO (Indium Tin Oxide). 

When light passes through the interfaces of the 
light-transmissive sheets 18A - 18C having different 
refractive indexes as describe above, there is caused a 
phenomenon that the transmitted light and the reflected 
light are polarized (polarized beam splitting effect). 

The polarized beam splitting effect is varied 
dependently on the angle of light incident on the 
polarized beam splitting sheet 18 T In the case wherein 
the angle of incidence is the Brewster angle, that is, 
in the case wherein the angle of incident light is 
selected so that the angle between the refracted light 
at the aforementioned interface and the reflected light 
thereon will be 90 degrees, the polarized beam splitting 
effect becomes maximum. 

In the case wherein the angle of incident light is 
the Brewster angle, the ratio of intensity of the S 
polarized light component in the reflected light to that 
of the P polarized light component in the transmitted 
light (Ts/Tp) is equal to [2n' / (1 + n' 2 )] ~ 4 when in 
the air (its refractive index = 1) a light-transmissive 
sheet (its refractive index: n' > n) is used. 
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In order to obtain intensive polarized beam 
splitting effect, at least 3 and preferably 5 or more of 
the light-transmissive sheets should be used. 

When light from the light diffusing sheet 16 is made 
incident on the polarized beam splitting sheet 18 as 
above, the transmitted light contains a great deal of 
the P polarized light component and the reflected light 
contains a great deal of the S polarized light 
component. 

The light reflecting sheet 20 may be any one having 
capability of reflecting light. The material for it is 
not limited. For example, the sheet 2 0 may be a sheet 
containing many bubbles inside PET and having a 
thickness of 0.1 - 2 mm and a diffusion reflectivity of 
80 % or more, or a sheet wherein a metal such as Al or 
Ag is vapor-deposited on the surface of PET, the sheet 
having a thickness of 0 . 1 - 1 mm and a mirror 
reflectivity of 80 % or more. 

The following will describe the action of the back 
light device 10. 

Light outputted from the light source 12 is made 
incident on the side end face 14A to go inside the 
lightconductor 14, and then the light is totally 
reflected repeatedly between the light outputting 
surface 14B and the back face 14C to go toward the 
opposite side end face. 
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A part of the light going inside the lightconductor 
14 is changed in its advancing direction by the light 
diffusing layer 14D formed on the back face 14C, so as 
to go from the light outputting surface 14B into the 

5 lightconductor 14. 

In Fig. 1, the light outputted downward from the 
back face 14C of the lightconductor 14 is reflected on 
the light reflecting sheet 20 to be returned into the 
lightconductor 14 . 

10 The light outputted* from the light outputting "~ 



surface 14B is diffused by the light diffusing sheet 16. 
At that time f however f the maximum intensity direction 
of the diffused light from the lightconductor 14 is 
shifted nearer to the normal standing on the light 



surface 16A of the light diffusing sheet 16 is rougher 

than the light receiving surface 16B. 

The reflected light containing a great deal of the S 

polarized light component reflected on the polarized 
20 beam splitting sheet 18 is conversed from a polarized 

light state into a non-polarized light state by means of 

the light diffusing sheet 16 , the light diffusing layer 

14D in the lightconductor 14 , the light reflecting sheet 
i 20 and the like, so as to go from the light outputting 
25 surface 14B through the light diffusing sheet 16 and be 

again made incident on the polarized beam splitting 

sheet 18. 
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outputting surface 16A because the light outputting 
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In such a manner as above , the light outputted from 
the light outputting surface 14B of the lightconductor 
14 goes through the aforementioned path, so that the 
light transmits through the polarized beam splitting 
sheet 18 with less loss of the light and then is 
outputted, as back light containing a lot of the P 
polarized light component, from the light outputting 
surface of the polarized beam splitting sheet 18. 

The lightconductor 14 is a member wherein the light 
diffusing layer 14D is deposited on the back face 14C, 
as shown in Fig. 1, but is not limited to this member. 
The lightconductor may be any one wherein the peak of 
diffused light outputted from its light outputting 
surface has an oblique direction qomponent to the normal 
standing on this light outputting surface. 

Therefore, the lightconductor may be a 
lightconductor 24 wherein a light outputting surface 24B 
is made coarse as shown in Fig. 4(A), a lightconductor 
26 wherein its back face 26C is made coarse as shown in 
Fig. 4(B), or a lightconductor 28 containing therein, as 
a light diffusing material, a light-transmissive 
material (such as silicone resin having a refractive 
index of 1.43) having a refractive index different from 
a material (such as PMMA having a refractive index of 
1.49) constituting the main portion of the 
lightconductor 2 8 as shown in Fig. 4 (C) . 
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The light.conduct.or 30 is made to have the thinnest 
shape in the middle of the two light sources 12 and 12 
when the light from the light source is made incident on 
two side end faces of a lightconductor 30 , as shown in 
5 Fig- 4(D). In this case, the peaks of diffused light 
from the light outputting surface are along two 
directions as shown by reference numbers 31A and 3 IB in 
this figure. 

In the light diffusing sheet 16 , embossment is used 
10 as a means for making the light outputting surface 16A 
rougher than the light receiving surface 16B. This 
means is not limited to the embossment. By using any 
other means the light outputting surface may be made 
rougher than the light receiving surface. 
15 For example, by coating' the light outputting surface 

of a sheet comprising PET having a thickness of 0.1 - 2 
mm with acrylic beads 33 having an average particle size 
of 1 - 10 jUm, the light outputting surface may be made 
rougher than the light receiving surface, as is shown as 
20 a light diffusing sheet 32 in Fig. 5. 

The light diffusing sheet is not limited to a single 
layer structure as shown in Figs. 2 and 5. As shown in, 
e.g., Fig. 6, plural light diffusing sheets 34 may be 
. stacked, preferably in the state that they sandwich 2 or 
25 3 air layers. 

In this case, it is possible to shift the maximum 
intensity direction of the diffused light from the 
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lightconductor even nearer to the normal standing on the 
light outputting surface of the light diffusing sheet, 
as compared with the case of using a light diffusing 
sheet which is the same sort as above and has the same 
5 haze value as above. 

As described above, the light diffusing sheet 
wherein its light outputting surface is rougher than its 
light receiving surface has a greater function of 
shifting the maximum intensity direction of the diffused 

10 light from the lightconductor near to the direction of 
the normal standing on the light outputting surface than 
the light diffusing sheet wherein the light outputting 
surface and the light receiving surface having the same 
haze values have the same rough degrees, which are in 

15 general compared with a surface roughness meter, and the 
light diffusing sheet wherein the light receiving 
surface is rougher than the light outputting surface and 
they have the same haze values. 

In the polarized beam splitting sheet 18 , in order 

20 to effectively return the light returned to the side of 
lightconductor 14 by reflecting on the interface of the 
light transmissive sheet from a polarized light state to 
a non-polarized light state, the haze value of the light 
i diffusing sheet is 10 or more and preferably 30 or more, 

25 and the light diffusion reflectivity of the light 

reflecting sheet is 70 or more and more preferably 80 or 
more . 
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In the back light device 10 according to this 
embodiment, the maximum intensity direction of the 
diffused light can be shifted near to the angle of 
incident light which makes the polarized beam splitting 
effect maximum in the polarized beam splitting sheet 18 
(the Brewster angle or the normal direction) by means of 
the light diffusing sheet 16 having a function of 
shifting the maximum intensity direction of the diffused 
light from the lightconductor 14 nearer to the direction 
of the normal standing on the light outputting surface. 
This action, together with the function of the light 
diffusing sheet 16 itself that polarized light is 
converted into non-polarized light, causes the back 
light device to be very thin, low-rpriced and suitable 
for mass production and have a few parts, and makes it 
possible to obtain a highly efficient back light device. 

The following will describe another embodiment of 
the polarized beam splitting sheet according to the 
invention, referring to Fig. 7. 

This polarized beam splitting sheet 36 has a 
laminated structure wherein a PET layer 36A, a 
cholesteric liquid crystal layer 36B, a 1/4 phase 
differentiation layer 36C and a TAC layer are arranged 
in sequence, viewed from the light receiving surface. 

The cholesteric liquid crystal layer 36B can be made 
to have a function of splitting incident light into an 
optical rotation beam component along one direction and 
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an optically rotary beam component along a reverse 
direction . 

In general, the cholesteric liquid crystal exhibits 
such an optical rotation selection power as above on the 
basis of its physical molecular arrangement, and light 
which is made incident on a helical axis of a planar 
arrangement is splitted into two circularly polarized 
light beams, that is, right-handed circularly polarized 
light and left-handed circularly polarized light. The 
one thereof is transmitted through the liquid crystal 
and the other thereof is reflected on the liquid 
crystal . 

This phenomenon is known as circular dichroism. 
When for incident light, the rotation direction of the 
circular polarization is appropriately selected, 
circularly polarized light which has the same circular 
polarization direction as the helical axis direction of 
the cholesteric liquid crystal is selectively scattered 
and reflected. 

In this case, the maximum light scattering takes 
place at the wavelength AO according to the equation 
(1): 

A0= n av X p (1) 

wherein p represents a helical pitch and nav 
represents an average refractive index of a plane 
perpendicular to the helical axis. 
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At this time, the wavelength band width of the 
reflected light is represented by the following equation 
(2): 

A A = An x p (2) 

An is equal to n ( || ) - n (a right angle) wherein 
n( || ) represents the maximum refractive index inside the 
plane perpendicular to the helical axis and n(a right 
angle) represents the maximum refractive index inside 
the plane in parallel to the helical axis. 

It is also known that the wavelength A. ^ of the 
light which is made incident obliquely on the helical 
axis of the planar arrangement is shifted to a shorter 
wavelength than 

It is preferred that a material of cholesteric 
liquid crystal is a chiral nematic liquid crystal 
compound wherein an optically active 2-methylbutyl 
group, 2-methylbutoxy group or 4-methylhexyl group is 
bonded to the terminal group of a nematic liquid crystal 
compound such as a shiff base, or an azo, ester or 
biphenyl compound . 

Generally, a high molecular liquid crystal is a high 
molecule wherein a mesogen group exhibiting a liquid 
crystal state is incorporated into its main chain, its 
side chain, or its main and side chains. A high 
molecular cholesteric liquid crystal can be obtained by, 
for example, introducing a cholesteryl group into the 
side chain. 
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The polarized beam splitting effect of the 
cholesteric liquid crystal is that one of circularly 
polarized light components (right-handed or left-handed 
rotation) is transmitted through the cholesteric liquid 
5 crystal and the other of the components is reflected on 
the liquid crystal. 

Because, for the back light for illuminating the 
back of the liquid crystal display apparatus, linearly 
polarized light is used as incident light, it is 
10 preferred to use the cholesteric liquid crystal layer 

36B together with the 1/4 phase differentiation layer as 
Ci decried above . 

The functions of the cholesteric liquid crystal and 
j=y 1/4 phase differentiation layer ar,e disclosed in, for 

ojL 15 example, "SID t^r DIGEST, p lio - 113, Polarizing Color 
j=i Filters Made from Cholesteric LC Silicone". 

The angle of incident light which makes the 
polarized beam splitting effect of the cholesteric 
liquid crystal maximum depends on the orientation in the 
20 cholesteric liquid crystal, but it is preferred to make 
the direction of the helical axis equal to that of the 
normal standing on the polarized beam splitting sheet 
36. For the orienting process, a known process for 
i using raving or polarized UV may be used. 
25 When light is made incident on the polarized beam 

splitting sheet 3 6 as described above , one circularly 
polarized light component (the right-handed or left- 
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handed rotation) is transmitted through the cholesteric 
liquid crystal 36B and then the transmitted circularly 
polarized light is converted into linearly polarized 
light in the 1/4 phase differentiation layer 36C. 
Thereafter, the light goes through the TAC layer 36D to 
be outputted from the upper surface (the light 
outputting surface) in Fig. 7. 

On the other hand, the reflected light which is 
reflected on the cholesteric liquid crystal layer 36B 
and returned to the side of the lightconductor 14 is 
converted from a polarized state to a non-polarized 
state by means of the light diffusing sheet 16, the 
light diffusing layer 14D in the lightconductor 14, the 
light reflecting sheet 20 and the ,like in the same 
manner as in Fig. 1, and then again is made incident on 
the polarized beam splitting sheet 36 for reuse. 

The haze value and the light diffusion reflectivity 
required for the light diffusing sheet 16 and the light 
reflecting sheet 20 are the same as in the embodiment 
shown in Fig. 1. In the present embodiment, by means of 
the light diffusing sheet 16 the maximum intensity 
direction of the diffused light can be shifted near to 
the angle of incident light which makes the polarized 
beam splitting function of the polarized beam splitting 
sheet 36 maximum, that is, to the helical axis direction 
of cholesteric liquid crystal, in the same manner as in 
the embodiment shown in Fig. 1. This action, together 
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with the function of the light diffusing sheet 16 itself 
that polarized light is converted into non-polarized 
light, makes it possible to obtain a low-priced and 
highly efficient back light device which can easily 
produced. 

The following will describe still another embodiment 
of the polarized beam splitting sheet according to the 
invention, referring to Fig, 8. 

The polarized beam splitting sheet 38 shown in Fig, 
8 has a planar laminated structure wherein 4 layers 
which have double refraction are laminated. In the 
sheet 38, for one of two light beams having vibration 
directions perpendicular to each other in a plane, the 
difference in refractive indexes between the layers 
which are arranged adjacently to each other along the 
thickness direction is substantially zero, but for the 
other of the two light beams the difference in 
refractive indexes between the layers which are arranged 
s adjacently to each other along the thickness direction 
is not substantially zero. Thus, the one of the two 
light beams is transmitted through the sheet 38, but the 
other is reflected thereon. 

As disclosed in, for example, JP-A-No* 3-75705, each 
of the double refraction layers 38A - 38D can be 
obtained by, for example, a process of extending a 
material having in-plane double refraction (refractive 
index anisotropy) such as polycarbonate resins, 
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polyester resins, polyvinyl alcohol resins and cellulose 
acetate . 

Specifically, in the case wherein the polarized beam 
splitting sheet 38 is composed of the four double 
5 refraction layers 38A - 38D as shown in an enlarged view 
of Fig. 9 and two light vibration directions 
perpendicular to each other are specified in a plane as 
shown by the reference symbols X and Y in Fig. 9, the 
refractive indexes of the respective double refraction 

10 layers 38A - 38D are as follows. 

For example, the refractive indexes of the double 
refraction layers 38A, 38B, 38C and 38D are 
substantially the same for the light beam vibrating in 
the X axis direction, that is, n x ., Therefore, the 

15 difference in the refractive indexes between the layers 
adjacent to each other in the X axis direction An x (= | n x 
- n x | ) is substantiality zero. The refractive indexes 
of the double refraction layers 38A and 38C are n yl for 
the light beam vibrating in the Y axis direction, and 

20 the refractive indexes of the double refraction layers 

38B and 38D are n y2 (n yl ^n y2 ) for the light beam vibrating 
in the Y axis direction. Therefore, the difference in 
the refractive indexes An y .(= | n yl - n y2 | ) between the 
, layers adjacent to each other in the Y axis direction is 

25 not substantially zero. Thus, the difference in the 
refractive indexes An x between the layers adjacent to 
each other in the X axis direction is substantially 
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different from the difference in the refractive indexes 
An y between the layers adjacent to each other in the Y 
axis direction 

Polarized light is splitted by using a polarized 
5 beam splitter composed of a planar laminated structure 
wherein in such a manner as above the refractive index 
difference between the adjacent layers for the one 
direction of two light beams vibrating direction 
perpendicular to each other in a plane is different from 

10 the refractive index difference between the adjacent 

layers for the other direction. Namely, the reflection 
of the light beam vibrating in the direction along which 
the refractive index difference is large (for example, 
the Y axis direction) is larger than the reflection of 

15 the light beam vibrating in the direction along which 
the refractive index difference is small (for example, 
the X axis direction) . The transmission of the light 
beam vibrating in the direction along which the 
refractive index difference is small (for example, the X 

20 axis direction) is larger than the transmission of the 
light beam vibrating in the direction along which the 
refractive index difference is large (for example, the Y 
axis direction) • 

In a more preferred embodiment, the smaller 

25 refractive index difference is substantially zero, and 
in this case the light beam vibrating in the direction 
making the refractive index difference small is not 
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reflected but transmitted. Namely, the polarized beam 
splitter is used which comprises a planar laminated 
structure wherein in one direction of 2 light beam 
vibration directions perpendicular to each other in a 

5 plane (e.g., in the X axis direction) the refractive 
indexes of the adjacent layers are substantially the 
same, and in the other direction (e.g., in the Y axis 
direction) the refractive indexes of the adjacent layers 
are different. If such a polarized beam splitter as 

10 above is used, it is possible that the polarized light 
is more successfully splitted (for example, the light 
beam vibrating in the X axis direction is transmitted 
and the light beam vibrating in the Y axis direction is 
reflected). Of course, in this c^se the polarized beam 

15 splitting ability is higher as the large refractive 
index difference is greater. 

This reason, when explained referring to the above- 
mentioned example, is as follows* For the light beam 
vibrating in the X axis direction, the refractive index 

20 inside the planar laminated structure is substantially 
the same, and consequently only a little surface 
reflection takes place at two points where light is made 
incident on this planar laminated structure and is 
, outputted from it. However, for the light beam 

25 vibrating in the Y axis direction, the refractive index 
inside the planar laminated structure is different 
between the respective adjacent layers, and consequently 
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surface reflection takes place at the light receiving 
surface of this structure, the light outputting surface 
thereof, and between the respective layers inside this 
structure. Accordingly, the surface (interface) 
reflection more frequently takes place as the number of 
the layers of the polarized beam splitter is larger. 
Thus, the light beam vibrating in the Y axis direction 
is more reflected on this splitter. 

The polarized beam splitting sheet has 4 layers in 
Figs. 8 and 9, but is not limited to this structure. 
The sheet has at least 3 layers, and ideally has- 5 or 
more layers* As the laminated number of double 
refraction layers constituting the polarized beam 
splitting sheet is larger, the light beam vibrating in 
other directions can be more surely reflected. The 
number of. the laminated layers is actually up to about 
100. 

The angle of incident light which makes polarized 
beam splitting effect maximum in the polarized beam 
splitting sheet 38 is along the .direction of the normal 
standing on the surface of the polarized beam splitting 
sheet 38 . 

For measuring a polarized beam-splitted state, 
linearly polarized light wherein vibration directions of 
light beams cross at right angles may be used. 

In the present embodiment, the maximum intensity 
direction of the diffused light from the lightconductor 
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14 can be shifted nearer to the direction of the normal 
standing on the light outputted surface by means of the 
light diffusing sheet 16. Therefore, the maximum 
intensity direction of the diffused light can 
5 approximate to the angle of incident light which 

maximizes the polarized beam splitting effect of the 
polarized beam splitting sheet 38. This action, 
together with the function of the light diffusing sheet 
16 itself that polarized light is converted into non- 
10 polarized light, makes it possible to obtain a highly 
efficient and thin back light device which is suitable 
for mass production and has a few parts. 

The following will describe an embodiment of the 
liquid crystal display apparatus according to the 
15 invention, referring to Fig. 10. 

The liquid crystal display apparatus 40 comprises a 
back light device wherein appropriate ones of the 
lightconductors 14, 24, 26, 28 and 30, the light 
diffusing sheets 16, 32 and 34, the polarized beam 
20 splitting sheets 18, 36 and 38, and the light reflecting 
sheet 20 are combined; and a liquid crystal panel 44 
whose back face is illuminated by the back light device 
42. The axis of polarized light outputted from the back 
i light device 42 is made substantially consistent with 
25 the polarized light transmitting axis of the polarizing 
plate 45B on the back faces (i.e., at the back light 
side) among the polarizing plates 45A and 45B arranged 
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on the front and back faces of the liquid crystal panel 
44. Thus, the polarized light can be transmitted 
through this apparatus efficiently. 
Examples 

5 The first example of the invention was the back 

light device 10 using the polarized beam splitting sheet 
18 shown in Fig. 3. 

The lightconductor 14 in the back light device 10 
was a member wherein on its back face the light 

10 diffusing layer 14D in dot forms was printed and formed. 
The polarized beam splitting sheet 18 had a structure 
where , in turn from the light receiving surface, PC 
layers and PMMA layers were adjacently and alternately 
laminated, the total number of the layers being 100 (3 

15 layers in Fig. 3, but 100 layers in the example device). 
As shown in Fig. 5, the light outputting surface of the 
light diffusing sheet 32 composed of PET thick 125 jUm 
was coated with acrylic beads 33 having an average 
particle size of 10 JUm so that the light outputting 

20 surface would be rougher than the light receiving 
surface . 

The light reflecting sheet 20 was composed of a 
white PET sheet containing many bubbles inside. The 
i maximum intensity direction of the diffused light from 
25 the lightconductor 14 was made consistent with the 

Brewster angle of the polarized beam splitting sheet 18 
by means of the light diffusing sheet 32. 
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The polarized light-transmissive direction axis of 
the polarizing plate at the side of the lightconductor 
14 in the liquid crystal (not illustrated) was made 
consistent with the polarized light axis of the light 
5 outputted from the polarized beam splitting sheet 18 , so 
that the polarized light was efficiently transmitted 
through the device. 

When the liquid crystal panel was set to a 
transmissive mode, the maximum brightness of the light 
10 outputted from the polarizing plate at the front face 
side was measured. As a result, the maximum brightness 
was a 30 % improved value, as compared with the back 
light device which did not have the polarized beam 
splitting sheet 18 nor the light diffusing sheet 32. 
15 The shift effect of the' diffused light caused by the 

light diffusing sheet 32 with which the acrylic beads 
were coated is shown in Fig. 11. 

Table 1 shows the haze value (HAZE), the 
transmissivity of the total light (Tt), and the 
20 transmissivity of the diffused light (Td) of the light 
outputting surface, which was coated with the acrylic 
beads 33, and the light receiving surface of the light 
diffusing sheet 32. 
, Table 1 





HAZE 


Tt 


Td 


Incident on 
the rough 


86 . 9 


97 .2 


84 .8 
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surface 








Incident on 
the smooth 
surface 


86.0 


85.5 


73.8 



Figure 11 demonstrates that the direction of the 
maximum brightness was about 45 degrees to the normal 
standing on the light outputting surface. 
5 On the contrary, in the case of only a 

lightconductor not using any light diffusing sheet, the 
direction of the maximum brightness was about 80 degrees 
to the normal standing on the light outputting surface, 
as shown in Fig. 12. In the case wherein the front and 

10 back faces of the light dif fusing • sheet 32 were 

reversed, that is, the face which was coated with the 
acrylic beads 33 was turned into a light receiving 
surface, the direction of the maximum brightness of the 
light outputting surface was about 60 degrees to the 

15 normal standing on the light outputting surface, as 
shown in Fig. 13 . 

In short, the maximum intensity direction of the 
diffused light was able to be shifted, to a large 
extent, to the direction of the normal on the light 

20? outputting surface by using the light diffusing sheet 
32 . 

For comparison, light diffusing sheets having 
different forms were used to investigate the orientation 
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properties at their light outputting surfaces. The 
results thus obtained are shown in Figs, 14-17, 

In the example shown in Fig. 14 , a light diffusing 
sheet 5A was used which had two faces coated with 



5 acrylic beads 3 3A and was formed so as to have 
properties shown in Table 2 . 
Table 2 







HAZE 


Tt 


Td 




Incident on 


92 .2 


84.5 


78.5 


: n 


A surface 










Incident on 


92 .4 


84.7 


78.6 




B surface 









In this case, the maximum intensity direction of the 
light outputting surface of the light diffusing sheet 5A 

10 was about 45 degrees to the normal standing on the light 
outputting surface. However, the diffused light was 
uniformly scattered and its directivity was lowered. 
Maximum brightness was also lowered. In the case shown 
in Fig. 15, a light diffusing sheet was used wherein the 

15 front and back faces of the light diffusing sheet 5A 
were reversed . 

Figure 16 shows results obtained from the case 
wherein there was used a light diffusing sheet 5B 
wherein roughness was formed on one face thereof and the 

20 haze value of the rough face 33B was made equal to that 
of the opposite face 33C as shown in Fig. 3, and wherein 
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the rough face 33B was set so as to function as a light 
outputting surface . 
Table 3 







HAZE 


Tt 


Td 




Incident on 


37.8 


88 .6 


33.7 




the rough 










surface 










Incident on 


37 .8 


88.7 


33 . 7 




the flat 










surface 









5 Figure 17 shows results obtained from the case 

wherein there was a used a light diffusing sheet wherein 
the front and back faces of the light diffusing sheet 5B 
used in the case shown in Fig. 16 were reversed. In all 
of the case, the angles between the maximum intensity 
10 direction of the diffused light from the light 

outputting surface and the direction of the normal on 
the light outputting surface were from 60 to 65 degrees , 
which were large. 

The following will describe the second example 
15 according to the invention. 

The second example was different from the first 
• example in that there was used a polarized beam 
splitting sheet 36 comprising a cholesteric liquid 
crystal layer 36B and a 1/4 phase differentiation layer 
20 36C as shown in Fig. 7, and 2 light diffusing sheets 34 
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were stacked to sandwich an air layer as shown in Fig* 
6. The other structure in the second example was the 
same as in the first example. 

The doubly stacked light diffusing sheets 34 were 
made so that when diffused light was made incident on 
the sheets 34 and the light was outputted from its light 
outputting surface, its maximum intensity direction was 
made consistent with the direction of the normal on the 
polarized beam splitting sheet 36* 

Furthermore, the polarized light transmissive 
direction axis of the polarizing plate at the 
lightconductor side of the liquid crystal panel (not 
illustrated) was consistent with the polarized light 
axis of the light outputted from the polarized beam 
splitting sheet 36 , so that 'the polarized light was 
efficiently transmitted through the device* 

When the liquid crystal panel in this structure was 
set to a transmissive mode and the maximum brightness of 
the light outputted from the polarizing plate at the 
front face side was measured, 60 % improved brightness 
was obtained, as compared with the back light device not 
using any light diffusing sheet nor polarized beam 
splitting sheet. 

The following will describe the third example of the 
invention . 

In the third example, the polarized beam splitting 
sheet 38 shown in Fig. 8 or 9 was used instead of the 
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polarized beam splitting sheet 36 in the second example 
Other structure in the third example was the same as in 
the second example. 

The number of the polarized beam splitting sheets 
was 4 in Fig 8 and 9, but that in the third example was 
100. 

When the liquid crystal panel (nor illustrated) in 
this back light device was set to a transmissive mode 
and the maximum brightness of the light outputted from 
the polarizing plate at the front face side was 
measured, 50 % improved brightness was obtained, as 
compared with the back light device not using any light 
diffusing sheet nor polarized beam splitting sheet. 

The present invention has the aforementioned 
structure; therefore, by means of the light diffusing 
sheet the maximum intensity direction of the diffused 
light from the lightconductor can be shifted nearer to 
the direction of the normal standing on the light 
outputting surface, that is, nearer to the angle of 
incident light which makes the polarized beam splitting 
effect of the polarized beam splitting sheet maximum. 
This makes it possible to obtain a back light device 
which is thin, low-priced, highly efficient and suitable 
for mass production and which has a few parts 

This back light device is used as a back light 
source for a liquid crystal apparatus so that the 
polarized light transmissive axis of the polarizing 
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plate at the back light side of the liquid crystal panel 
can be consistent with the axis of the polarized light 
outputted from the back light device. Thus, the 
polarized light can be transmitted efficiently so that 
brightness on the liquid crystal panel can be improved. 
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